Traffic congestion is a severe problem in many modern cities all over the world. To solve the problem, we have designed a framework for a dynamic and automatic traffic light control system and developed a simulation model coded in Arena to help design the system. The model adopts average arrival time and departure times, which are physically observed at each intersection of Chung San North road, Taipei, Taiwan, to simulate the arrival and leaving number of cars during the run time period. In our experiment, by controlling light duration and speed limit, traffic congestion in a large city can be solved.
Introduction
Traffic congestion has been causing many critical problems and challenges in most cities of modern countries. To the commuter or traveller, congestion means lost time, missed opportunities, and frustration. To the employer, congestion means lost worker productivity, trade opportunities, delivery delays, and increased costs. To solve congestion problems is feasible not only by physically constructing new facilities and policies but also by building information technology transportation management systems. A growing body of evidence proves that traffic congestion problems cannot be solved simply by expanding the road infrastructure. In fact, building new roads can actually compound congestion, in some cases, by inducing greater demand for vehicle travel -
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, , demand that quickly eats away the additional capacity. Therefore, many countries are working to manage their existing transportation systems to improve mobility, safety, and traffic flows and to reduce demand for vehicle use. By enhancing public transport, route guidance systems, traffic signal improvements, and incident management, congestion can be improved greatly. Of course, construction of new private bus ways, expressways, or subways to reduce this growth for easy travel has not kept pace. From recent analytical statistics [13] , it is estimated that roughly half of the congestion is what is known as recurring congestion -caused by recurring demands that exist virtually every day, where road use exceeds existing capacity. The other half is due to non-recurring congestion caused by temporary disruptions. The four main reasons of nonrecurring congestion are: traffic incidents (ranging from disabled vehicles to major crashes), work zones, weather, and special events. Non-recurring events dramatically reduce available capacity and reliability of the entire transportation system. Researchers have done many researches to increase capacity and remove bottlenecks.
Schaefer et al. [11] developed a simulation model for evaluating freeway lane control signing. The simulation results show that lane control has little influence on congestion. However, the region between heavy and medium traffic flow is sensitive to lane control. Chen and Yang [3, 4] have created an algorithm to find the minimum total time path to simulate the operations of traffic-light control in a city. Stoilova and Stoilov [12] also built a simulation model to measure the best of traffic lights to achieve low noise levels with optimal traffic management Papageorgiou [9] discussed the minimum of queue lengths in different intersections. To aid traffic management systems, Nooralahiyan et al. [10] adopted a Time Delay Neural Network (TDNN) to classify individual traveling vehicles based on their speed-independent acoustic signature. The TDNN network was trained and resulted in 94% accuracy for training patterns and 82.4% accuracy for test patterns. Besides, by adopting the shortest path algorithms, many other researches about solving traffic problems have been published [1, 2, [6] [7] [8] 15 ]. Wen and Hsu [14] designed a route navigation system with a new revised shortest-path routing algorithm and made a comparison of performance evaluation. Our research focuses on traffic signal improvements to solve part of traffic congestion problem, which will be discussed below.
2 The framework for a dynamic and automatic traffic light control system all information in the PDA. After accumulating fix size of data, the PDA with a wireless card will connect to the backend server and store them into the database in the server. The server uses the data stored in the database to calculate maximum flow and average car speed. When all possible congestion roads and car speed are collected, these data will be used as the input parameters of the simulation model within the server. Using IF-THEN rule, the knowledge base provides different alternatives in terms of varieties of traffic situations. Upon getting the simulation results, the DTLCS is able to automatically set a red (green) light duration via the traffic light control interface for improving the traffic congestion problem. A framework for dynamic and automatic traffic light control systems.
Definitions and notations of the simulation model
To illustrate how the system works, we have developed a 3-intersection road traffic simulation model by using Arena. Before giving example, let us introduce the definition of notations as follows: Variables: T: The time for passing a length of a car.
N2:
The remaining space of the second segment of a road, which is measured by the number of cars. N3: The remaining space of the third segment of a road, which is measured by the number of cars. cross 1: The time for a car passing the stop line at the first intersection. Red light duration at the first intersection. green 2: Green light duration at the second intersection. red 2:
Red light duration at the second intersection. green 3: Green light duration at the third intersection. red 3:
Red light duration at the third intersection.
Resources: switch 1:
A resource for controlling traffic light signal or for determining whether a car permits to pass the stop line at the first intersection. switch 2: A resource for controlling traffic light signal or for determining whether a car permits to pass the stop line at the second intersection. switch 3: A resource for controlling traffic light signal or for determining whether a car permits to pass the stop line at the third intersection. space 2: The resources of cars capacity between the first intersection and the second intersection, which is used to determine whether there is enough space for a car driving to the second segment of a road. space 3: The resources of cars capacity between the second intersection and the third intersection, which is used to determine whether there is enough space for a car driving to the third segment of a road.
Queues: departure1.Queue: A queue at the first intersection to store all waiting cars, which do not have rights to pass the intersection. departure2.Queue: A queue at the second intersection to store all waiting cars, which do not have rights to pass the intersection. departure3.Queue: A queue at the third intersection to store all waiting cars, which do not have rights to pass the intersection. space2.Queue:
A queue in the first segment of a road waiting for the space of the second segment of a road.
space3.Queue:
A queue in the second segment of a road waiting for the space of the third segment of a road.
Description of the simulation model
First we choose Chung San North Road, Taipei, Taiwan, as our research target because it is always busy in the rush hours from 6 pm to 8 pm. The model for simplicity only covers 3 intersections. In the road traffic simulation model shown as Figure 2 , assumes that the road has 3 intersections and each one has a traffic light signal. In the model, interarrival time for each car is 1.72 seconds, departure time for a car passing the stop line at each intersection is 1.2 seconds, and the time for passing a length of a car is 0.41 seconds, which are physically observed in average by us. Each traffic light signal can be controlled by an entity named light control 1, light control 2, or light control 3. Besides, cars named entities are created based on cars' arrival time. Basically, entity, light control 1, 2, or 3, needs to seize a resource, switch 1, switch 2, or switch 3 for changing green light to red light at each intersection. Similarly, a car (i.e., an entity) wants to pass any intersection if only if the car seizes the resource. Without seizing the resource, switch 1, switch 2, or switch 3, the car or light control 1, 2, or 3 will be put in a queue and can do nothing but waiting. Therefore a car and light control compete with each other in order to get a resource. However, in order to let light control 1, light control 2, and light control 3 always get a resource, switch 1, switch 2, or switch 3, we set the highest priority for them and cars with lower priority. Furthermore, before a car seizes a resource, it needs to first check whether resource space2, the capacity of cars between the first intersection and the second intersection or resource space3, the capacity of cars between the second intersection and the third intersection, is available to allow the car to drive through. It is worth noting that, in our model, we have considered a traffic light signal turning red at the period of a car driving through an intersection. Under this circumstance, when the current time of a car added the time passing the intersection is greater than the time of the traffic light at the intersection turning to red, it should be divided into two parts for allowing traffic light signal turning to red in due course and for the car continuing driving through. To achieve this purpose, some modifications have to be done are given below: first part of the duration = clock light 1 -(clock cross 1 -cross 1) + 0.0001 second part of the duration = clock cross 1 -clock light 1 -0.0001
What is more in our model, as a car leaves the stop line at an intersection, say intersection 1, and drives through to the second segment of the Chung San North road, the time for driving to that road is dynamic according to space left in the segment. The remaining space is measured by time. This equation will be: the driving time of a car from the stop line at the first intersection to the last car of the queue of the second segment) = T * N2. The traffic light control signal simulation model.
Simulation analysis and results
Using Arena, we have built a traffic light control signal simulation model. During the simulation analysis, initially a warm-up time of 1800 seconds for reaching system stable and a run time of 10,000 seconds are set. According to a practical measure, we fix the green light duration with 130 seconds. However, for the red light duration, it starts from 65 seconds and then is decreased by 5 seconds each time (i.e., 65, 60, 55, 50, 45, 40, 35, and 30). So totally we inspect and analyze 8 cases based on different red light durations.
Assume that the red light duration at each intersection is the same. The eight cases were modelled and run. less than 50 seconds, the time of decreasing is less than 5 seconds. At this circumstance, it doesn't seem worth reducing the red light duration by 5 seconds (e.g. 50 to 45). Particularly, if we reduce the red light duration at an intersection, it will decrease the green light duration in the other side at the same intersection, which will probably increase the average waiting time more than 5 seconds in that side. Similarly, in Figure 4 the average waiting number of cars at 50 seconds also has good performance. will decrease to 0 at the duration of 50 seconds. In Figure 6 , the maximum number of cars in space2.Queue is 268 at the duration of 65 seconds. It cause the traffic system overcrowds at the first segment of the Chung San North road. To find out the best performance, we further divided the model into 8 categories based on the different combinations of red light duration at each intersection. The eight categories are (r1=r2=r3=65), (r1=50;r2=r3=65), (r2=50;r1=r3=65), (r3=50;r1=r2=65), (r1=r2=50;r3=65), (r1=r3=50;r2=65), (r2=r3=50;r1=65), and (r1=r2=r3=50). Category 1, for example, r1=r2=r3=65, means that the red light duration at intersections 1, 2 and 3 are 65, 65, and 65 seconds respectively. The rest of categories can be explained in the same way. From Figure 7 , we are able to know that the model for r1=r2=r3=50 is the best alternative because the average waiting time of all queues at that situation is very low. The average waiting time for various red light durations at different intersections.
Finally, it is worth mentioning that if we speed the time of cars departure, it also greatly reduces the average waiting time and average waiting number of cars. However, it is very difficult to force drivers to drive fast apart from increasing the speed limit.
Conclusions and future work
This paper proposes a new framework for dynamic and automatic traffic light control systems for improving traffic congestion problem. To know how to automatically and dynamically set the time duration of red (green) light signals, we also design a simulation model for improving traffic problem in rush hours according to the traffic conditions at the Chung San North road, Taipei, Taiwan. The simulation results physically prove the efficiency of the simulation model, because the average waiting time and number of cars are dropped down sharply when the red light duration is 50 seconds. Meanwhile, further analysis also shows if we set the red light durations of the three intersections are equal to 50 seconds, the total performance of the simulation model is the best.
Although this paper presents and analyzes the DATLCS, there are still several aspects where we can further improve its functions. In particular, we can extend the simulation model to add some more or different directions roads to let the model more close to the reality. In addition, because we can collect traffic flow and average car speed by using RFID technology, the method of dynamically finding a best route or a second optimal route for road navigation systems will be also a major research issue in the future. 
